Abstract: Precise Point Positioning (PPP) has been used for the last decade as a cost-effective alternative for the ordinary DGPS-Differential GPS with an estimated precision sufficient for many applications. PPP requires handling different types of errors using proper models. PPP precision varies with the use of observations from different satellite systems (GPS, GLONASS and mixed GPS/GLONASS) and the duration of observations. This research presents an evaluation study for the variability of Static-PPP precision based on different observation types (GPS, GLONASS and mixed observations) and observation duration. It can be concluded that Static-PPP solution using mixed observations is offering similar accuracy as the one using GPS-only observations and saving 15 minutes observation time. For 30 minutes of observation duration, mixed observations offers improvement percentages of 14%, 26% and 25% for latitude, longitude and height respectively.
INTRODUCTION
Global Positioning System (GPS) is a satellite-based structure for navigation and positioning. It has become the backbone of many aspects of our live and its applications, such as vehicle navigation, recreation, marine navigation, airborne navigation, time transfer, rescues, mapping, and missile guidance.
GPS technology offers different positioning techniques varying in cost and accuracy. A simple technique of positioning is called "autonomous positioning" which is the most flexible positioning form and is the original positioning technique that GPS was designed for. However, because of the errors caused by satellite ephemerides, satellite clock, ionosphere, troposphere, multipath and noise, the autonomous point positioning provides the user with a horizontal accuracy 13 m and a vertical accuracy 22 m (GPS-SPS, 2008) .
To obtain higher accuracy down to the centimeter level , the user needs to mitigate the abovementioned errors by using the spatial correlation between one or more reference stations with known coordinates and the nearby rover GPS receiver station whose coordinates are to be determined. The GPS positioning technique that uses the concept of spatial correlation is known as Differential GPS (DGPS) (Abdel salam, 2005) . The limitations for DGPS are; the need for a reference station, the distance limitation ( 20 km) between the rover and reference station, and the need for simultaneous observations between the reference and rover stations, which increases the cost of DGPS over autonomous positioning.
The PPP technique (Zumberge et. al., 1997) aims at correcting the observations errors and overcoming the DGPS limitations. PPP is an enhanced single point positioning technique using code or phase measurements with precise orbits and clocks instead of broadcast data. PPP became viable with the existence of the extremely precise ephemerides and clock corrections, offered by different organizations such as the IGS (International GNSS Service). IGS has been providing the most precise satellite ephemerides and clock corrections currently available (IGS, 2013) . To compensate for ionospheric effects (the largest source of error for GPS observations), dual frequency measurements are used for an ionosphere free combination. In the case of single frequency observations, some kind of ionosphere modeling has to be applied. For better accuracy, PPP users are advised with dual frequency measurements as it the most efficient way of mitigating ionospheric delay.
The PPP convergence period that is the length of time required from a cold start to a decimeter-level positional solution is typically about 30 minutes under normal conditions and will be significantly longer before the position solution can converge to the few centimeter level (Bisnath and Gao, 2008) . PPP accuracy improves with the length of the data collection period. A minimum period of good quality GPS data (no loss-of-lock) is required to permit convergence and/or resolving ambiguities, which in turn can improve the accuracy of the entire dataset. The minimum period and the accuracy attainable will depend on the type of GPS equipment, the site (multipath, obstructions) and atmospheric conditions. Extending the data collection period may further improve the attainable accuracy. The improvement in accuracy is more noticeable using dual-frequency receivers than single frequency receivers (Yves Mireault et al., 2008) . The duration of collected observations should be decided according to the accuracy required.
Unfortunately, even with the modernized GPS system, there exist situations where the GPS signal may be partially obstructed, which in turn affect the availability and reliability of the PPP solution. To improve the availability, positioning accuracy and reliability of the PPP solution, it is recommended to combine the GPS and GLONASS constellations. GLONASS adds more satellites and improves availability and robustness. Combined systems (GPS/GLONASS) improve availability of satellite navigation in situations where part of the sky is blocked. This is the case close to oil rigs and during ionospheric disturbances (Changsheng Cai, 2009) , (Russell David, 2010) .
This research presents an evaluation study for the variability of Static-PPP precision based on different observation types (GPS, GLONASS and mixed observations) as well as different lengths of observation duration.
TEST STUDY
To assess Static-PPP precision variation based on different observation types (GPS, GLONASS and mixed observations) as well as different lengths of observation duration, an observation set of 6 hrs (GPS day 17253) was tested for IGS station (barh) (IGS, 2013) with (LEICA GRX1200GGPRO) dual frequency receiver using 30 sec observation interval and 10 o cut-off elevation angle. Each solution contains different lengths of observation duration (10 min., 20 min., 30 min, 45 min., 1 hr, 1.5 hr, 2 hr, 2.5 hr, 3 hr, 4 hr and 6 hr). Management of observations files was done using the software TEQC "translate, edit, quality check" GNSS data tool (TEQC, 2013) . The different sets of observations were processed and the PPP solutions were estimated through Canadian Spatial Reference System (CSRS) Precise Point Positioning (PPP) service (CSRS-PPP, 2013). Tables 1, 2 and 3 present Static-PPP precision variation with observation duration for different observation types (GPS, GLONASS and mixed observations) resulting from this research. Figures 1, 2 and 3 Present graphical presentation for the Static-PPP precision variation with observation duration for different observation types (GPS, GLONASS and mixed observations) resulting from this research. Table 4 presents improvement percentages in the precision of PPP-static solution in relation with observation duration for dual frequency mixed (GPS/GLONASS) observations over dual frequency GPS observations. The results shown in tables 1, 2 and 3 indicate the accuracy improvement of mixed observations over GPS-only observations for Static-PPP solution. The use of mixed observations typically results in similar precision as the use of GPS-only observations but needs 15 minutes less observation time. Table 4 presents Improvement percentages in the precision of Static-PPP solution with observation duration for dual frequency mixed (GPS/GLONASS) observations over dual frequency GPS observations. For 1 hr of observation duration, mixed observations offers improvement percentages of 15%, 29% and 31% for latitude, longitude and height respectively. For 4 hrs of observation duration, mixed observations offers better improvement percentages of 27%, 57% and 33% for latitude, longitude and height respectively.
RESULTS & DISCUSSION

CONCLUSIONS
This research presents an evaluation study for the variability of Static-PPP precision based on different observation types (GPS, GLONASS and mixed observations) as well as different lengths of observation duration. It proves that dual-frequency mixed observations gives better PPP solution precision comparing with dual frequency GPS observations. The reason for this is that the mixed GPS/GLONASS PPP solution can make use of extra GLONASS satellites to improve availability, position accuracy and reliability. Static-PPP solution using mixed observations is offering similar accuracy to the one using GPS observations and saving 15 minutes observation time.
Static-PPP solution precision depends on the observation duration where more length of observation duration improves the precision of the solution. Longer observation duration than 4 hrs will not have noticeable effect. Better improvement percentages of 27%, 57% and 33% % in the precision of PPP-static solution for latitude, longitude and height respectively in relation with observation duration occur when using dual frequency mixed observations over dual frequency GPS observations. Those improvement percentages are expected to increase with the modernization of GLONASS constellation in the next few years.
